DESIGN, FABRICATION AND TESTING OF MIXED MODE SOLAR DRYER FOR VEGETABLES by Saravanan, P. et al.
International Journal of Research and Innovation in Engineering Technology                  ISSN: 2394 – 4854 
Volume: 01 Issue: 11                                                                                                                           Pages: 27 – 32  
____________________________________________________________________________________ 
 
 
P.Saravanan, Dr.T.Balusamy, R.Srinivasan                             IJRIET | April  2015, Available @ http://www.ijriet.com                                                                 
_____________________________________________________________________________Page:27 
 
IJRIET 
 
DESIGN, FABRICATION AND TESTING OF 
MIXED MODE SOLAR DRYER FOR 
VEGETABLES 
 
 P.Saravanan
1
, Dr.T.Balusamy
2
, R.Srinivasan
3 
1PG Scholar, Department of Mechanical Engineeirng,Government College of Engineering, Salem, Tamilnadu, India 
2Assistant Professor, Department of Mechanical Engg, Government College of Engineering, Salem. 
3Research Scholar, Department of Mechanical Engineeirng,Government College of Engineering, Salem, Tamilnadu, 
India 
E-mail-ID:  1psarava76@gmail.com, 2balusamy_t@yahoo.com, 3sri.eniya@yahoo.com 
 
Abstract 
In this paper the solar air drying system utilizes solar energy to heat up the air and to drying for wet agricultural 
products. The mixed mode solar dryer has been designed, fabricated and tested by forced convective method. In this 
dryer the heated air from the separate solar collector is passed through a drying chamber with the help of a blower, 
and at the same time the chamber absorbs solar energy through the transparent fiberglass walls and plain glass roof. 
During the observation period the temperature rise inside the drying chamber was 69.90C at (12.00 PM). The drying 
rate and system efficiency were 0.72kg/h and 56.8% respectively. The experiments were carried out in vegetable 
cluster beans. To test the performance of the Mixed Mode Solar Dryer (MMSD) evaluated and compared with open 
sun drying only.  
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1. INTRODUCTION 
One of the oldest uses of solar energy has been the 
drying of agricultural products. The drying is an 
essential process in the preservation of vegetables 
and fruits. Various drying techniques are employed to 
drying different food products. Each technique has its 
own merits and demerits. Industrial drying offers 
quality drying whereas its high cost limits its use. 
The open sun drying methods are simple and it’s 
affected from poor in quality and of low market 
value. Choosing the right drying system is thus 
important in the process of drying agricultural 
products. Especially the south Indian green 
vegetables cluster beans and bitter guard are available  
 
in two or three months only, this type of food 
products very need of drying process in storage 
purpose. This type of food products required special 
care must be taken in choosing the drying system. 
The mixed mode solar dryers are a class of solar 
dryers that have been successfully tested under the 
field conditions in about thirty six countries under 
different climatic conditions, drying numerous 
agricultural commodities ranging from vegetables, 
fruits, oilseeds, medicinal plants and roots. The dryer 
proved to be successful in drying variety of 
agricultural products, the economics of this dryer 
were, however, designed with a capacity that is 
suitable for small rural farmers and small 
cooperatives. A solar dryer in which solar energy 
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collection takes place in both air heater and drying 
unit, and drying takes place only in  the drying unit. 
In this dryer, solar energy collected through flat-plate 
collector and also from the roof of the drying 
chamber. In large industries drying systems, the 
solar-heated air is combined with air heated by 
conventional energy; this adds to the reliability of the 
system and at the same time helps in significantly 
reducing conventional energy consumption. The 
conventional fuels are expensive, and their use causes 
pollution, with the rising costs of fuels and increasing 
awareness of the dangers of pollution.  Solar dryer is 
becoming technically and economically viable option 
in many industries and agricultural     applications the 
solar energy can be used for temperature needed for 
most of drying applications; solar dryers are used 
heated air from the solar collector. Drying is basically 
a heat and mass transfer process, moisture from the 
product is vaporized, and the vapor is removed 
flowing hot air by buoyancy forces in free 
convection.  
2.  MATERIALS AND METHODS 
The Fresh south Indian green vegetable like cluster 
beans, were bought at local in Salem, Tamil Nadu, 
India. They were singled out one by one using a 
visual criterion like color, size, and physical damage. 
The cluster beans were washed with water to remove 
dirt and then cut carefully into 10cm length and then 
used in the experiments. It has moisture content of 
about 38%, the energy content  is 18 kcal and it has 
also more fiber content.It helps in better blood 
circulation , makes our bones strong because it has 
130mg of calcium and calms the brain, and it’s 
mostly used as a thickening agent in food  processing 
industries. 
2.1 Dryer                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     
Drying chamber has four trays[0.50m×0.41m], the 
trays were made of steel frame on four sides with 
wire mesh on the bottom to hold  the product. An 
MMSD consist of drying chamber                                
[0.56 m(L)×0.66m(w)×1.0m(H)] and collector box 
[0.80m(L)×0.66m(w)×0.22m(L)], in the two parts are 
combined to be constructed, the top surface of the 
collector box and drying chamber covered with 
4.00mm thickness plain glass. The collector absorber 
plate and the dryer, floor were made of 0.5mm 
aluminum sheet, and painted black to enhance heat 
absorption. The drying chamber three sides were 
made of light transmitting fiberglass, and other side 
constructs the door by loading and unloading the 
sample. The collector box placed an angle of 
inclination varying between230 to250, in order to 
collect the maximum solar radiation.The ambient air 
was drawn in by a blower and  heated up into the 
solar air heaters. The heated air was allowed to enter 
at the bottom of the dryer and flow upward through 
the sample holed trays. 
 
Figure: 1 Photo of an assembled MMSD 
2.2 Drying experiments 
The drying  cluster beans were investigated  in  the  
mixed  mode  solar dryer set up was constructed and  
installed at GCE, Salem, Tamilnadu. The 
experiments started at10:00 am and terminated at 
4:00pm. The dryer was placed on a raised platform, 
far from the shade of buildings during the whole 
duration of the experiments. It consists of mainly a 
flat plate collector, drying chamber, blower, and air 
flow controller. The system facing at south direction, 
the air was drawn under the plain glass between the 
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roof glass and the absorber plate.  The solar collector 
box connected directly to the drying chamber. The 
drying chamber fabricated with a light transmitting 
fiber glass for the purpose direct drying, it contains 
four trays. The weight of the sample used in this 
experiment is 1.25 kg in each tray, the distance of 
136mm between the trays in order to obtain uniform 
air circulation. The door of the dryer was properly 
sealed to prevent the air leakage. In the solar drying 
process, the  atmospheric air  is suctioned by blower 
and delivered  into the inlet portion of the collector 
box The air velocity was measured by anemometer  
[accuracy±2%+1d], the inlet and outlet velocities  are 
4  m/s, 2.5  m/s. The solar radiation was measured 
during all, the day by a digital solar meter [model 
TM207; accuracy±10w/m2] placed on the solar 
collector. A digital thermometer was used to measure 
the temperatures of dryer [Figure: 1] in various 
places [Measuring range 500c to2000c, accuracy±10c]. 
After each hour once the mass loss of the product in 
the tray was measured with an electronic weighing 
balance M/c [Range 5gms to10kg] The moisture was 
determined with digital hydrometer the humidity 
Range is[20% to90%],the system operating in the 
following  conditions for 10 hours of the experiment 
the sample weight reduction is 65% of the  initial 
weight, to analysis average temperature 650c. 
Moisture content is expressed as a percentage value; 
the mean value of relative humidity is 20% of the 
measured value.  
3. RESULTS AND DISCUSSIONS 
The mixed mode solar dryer was constructed and 
evaluated the vegetable cluster beans. The [Figure: 2] 
shows the hourly variations of temperature of the 
solar collector, air, drying chamber inside air, 
ambient air and exit air were measured. It is observed 
that the rise in air temperature reaches 69.90c at            
12.00 noon. The drying of most of the agricultural 
products needed 400c to 650c is essential for drying. 
 
Figure: 2 Temperature in collector, dryer, ambient 
and exit air 
’ 
Figure: 3 Variation of Relative Humidity in ambient 
air, dryer air. 
Figure 3 shows the variation of the relative humidity 
of the ambient air and the drying chamber air.   It is 
observed that the average value of RH is 24% and 
56%, respectively; the drying   processes were 
enhanced by the heated air at very low humidity. The 
daily solar radiation was relatively high, the 
maximum solar intensity recorded was 1347w/m2 
[Figure: 4] from the inlet air at various from 
temperature 360c to 400c, the maximum air 
temperature at dryer was recorded as 69.90c. The 
mass flow rate of the collector depends on the air 
velocity, ambient air temperature, solar radiation and 
collector design. The temperature inside the drying 
chamber and the solar collector were much higher 
than the ambient temperature [Fig: 2]. this record 
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indicates the solar dryer performance better than open 
sun drying. 
 
Figure: 4 Variation of solar intensity 
 
Figure: 5 Weight losses in open sun drying 
Figure 5 shows that the weight loss in open sun 
drying, the weight of product was gradually reduced. 
Initially the drying product taken as 1000gms, during 
10 hours of drying process 342 gms  of weight was 
reduced. From the Figure 6, shows that the mixed 
mode solar drying process, during the same drying 
period 689gms weight reduced from 1000gms. 
 
Figure: 6 Variation of temperature in the dryer trays 
 
Figure: 7 Weight losses in dryer trays 
The performance of the dryer depends on the factor 
of solar radiation, air velocity, collector and drying 
chamber design and dryer air temperature. The figure 
6 shows the noted temperatures of dryer trays, 
maximum value recorded in tray 4 is 69.90c, the 
minimum value is 57.90c in tray-3, at same situation 
the ambient temperature is 38.20c. The average dryer 
temperature 640c is much more essential for drying 
vegetables. 
International Journal of Research and Innovation in Engineering Technology                  ISSN: 2394 – 4854 
Volume: 01 Issue: 11                                                                                                                           Pages: 27 – 32  
____________________________________________________________________________________ 
 
 
P.Saravanan, Dr.T.Balusamy, R.Srinivasan                             IJRIET | April  2015, Available @ http://www.ijriet.com                                                                 
_____________________________________________________________________________Page:31 
 
 
Figure: 8  Comparison of weight losses in open sun 
and solar drying 
 
Figure: 9 Comparison of moisture content reduction 
in open sun and solar drying 
The figure 9 shows  the moisture content variation in 
solar and open sun drying. The moisture content 
reduction is 30.4% in open sun drying ,and the same 
time solar drying is 72.1 %. Figure: 8 shows a 
comparison weight loss in both open and solar 
drying. It is clear that open sun drying 342gms of 
weight is reduced. At the same period of day and 
time,  the mixed mode solar dryer drying  the product 
is  689 grams. 
     
Figure: 10 Comparison of dried products, open sun 
and solar 
4. CONCLUSION 
A mixed mode solar dryer was designed and 
constructed using locally available materials. The 
variation of temperature inside the dryer was much 
higher than ambient. The percentage of moisture 
content reduction is 71.2 % ( dry basis) the drying 
rate is better than open sun drying. The quality of 
dried product is very high, product color and taste 
also good, compare to open sun drying product. The 
temperature inside the dryer  is 69.90c, the reading 
measured from top of the tray. The high temperature 
gained from the heat storage system (solar collector) 
and direct heat energy from drying chamber roof and 
walls. The weight reduction 72.1, % is indicating the 
better performance of MMSD.   
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